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In the title compound, C3oH 38 0 4 Si2, the two phenyl rings are 
twisted away from the central benzene ring by 70.28 (8) and 
67.42 (7)°. The two Si atoms attached to the benzene ring 
deviate in opposite directions from the ring plane by 0.258 (3) 
and 0.206 (3) A, respectively. One ethyl group is disordered 
over two conformations in a 0.568 (5):0.432 (5) ratio. The 
crystal packing exhibits weak intermolecular C— H- ■ O 
interactions. 

Related literature 

For general background to the synthesis of benzene 
compounds, see: Reppe & Schweckendiek (1948); Reppe etal. 
(1948); Schore (1988); Vollhardt (1984); Yamamoto (2005). 
For related structures, see: Haberecht et al. (2002); Takahashi 
et al. (2006). 



Triclinic, PI 
a = 11.534 (2) A 
b = 12.389 (3) A 
c = 12.853 (3) A 
a = 63.40 (3)° 
P = 67.63 (3)° 
y = 65.99 (3)° 

Data collection 

Rigaku Saturn CCD area-detector 

diffractometer 
Absorption correction: multi-scan 

(CrystalClear; Rigaku/MSC, 

2005) 

T min = 0.970, r maI = 0.982 

Refinement 

R[F 2 > 2a(F 2 )} = 0.046 

wR(F 2 ) = 0.127 

5 = 0.95 

6772 reflections 

338 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



V = 1455.1 (5) A 
Z = 2 

Mo Ka radiation 
jU = 0.15 mm -1 
T = 113 K 

0.20 x 0.18 x 0.12 mm 



12066 measured reflections 
6772 independent reflections 
3380 reflections with / > 2a(I) 
R iM = 0.047 



4 restraints 

H-atom parameters constrained 
Ap max = 0.31 e A" 3 
A,o m i„ = -0.38 e A~ 3 



D-H- - A 




D-H 


H-A 


D -A 


D-H- - A 


C10-H10B- 


•Ol 


0.98 


2.39 


3.116 (3) 


131 


C27-H27B- 


■04 


0.98 


2.43 


3.137 (3) 


129 



Data collection: CrystalClear (Rigaku/MSC, 2005); cell refinement: 
CrystalClear; data reduction: CrystalClear, program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 

The authors gratefully acknowledge the State Key 
Laboratory of Elemento-Organic Chemistry (Nankai 
University) for the data collection. 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: CV5108). 




Experimental 

Crystal data 
C3oH3 S 0 4 Si 2 



COOEt 



COOEt 
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Diethyl 4,5-diphenyl-3,6-bis(trimethylsilyl)benzene-l,2-dicarboxylate 

J. Zhang, H. Qu, Z. Zhang and L. Zhou 

Comment 

The synthesis of benzene compounds is an important activity in organic chemistry. Reppe and colleagues (Reppe & 
Schweckendiek, 1948; Reppe et al, 1948) first discovered the Ni-catalyzed cyclization of acetylene affording benzene in 
1948. Since then, Vollhardt et al. (1984), Schore (1988), Yamamoto (2005) and many others developed the chemistry of 
transition metal complexes-mediated or catalyzed cyclotrimerization of alkynes. The title compound (I) has been prepared 
by zirconocene-mediated cyclization of l-phenyl-2- trimethylsilyl acetylene and diethyl acetylenedicarboxylate (DEAD). 
Herewith we present its crystal structure. 

In (I) (Fig. 1), the C 1— Sil and C4— Si2 bond lengths of 1 .92 1 (2) and 1 .923 (2) A, respectively, are slightly longer than 
those in /?-bis(trimethylsilyl)benzene [1.882 (1) A] (Haberecht et al, 2002). The lengths of the C — Si and C — O bonds in 
(I) agree with the corresponding values in l,4-bis(trimethylsilyl)-2,3-bis(methoxycarbonyl)-9,10-dihydroanthracene (Taka- 
hashi et al, 2006). It seems that the bond lengths are influenced by the steric hindrance of substituents on the central benzene 
ring. In the title molecule, there are three benzene rings - A (CI — C6), B (C13 — C18) and C (C19 — C24), respectively. 
Rings B and C are twisted from the central benzene ring A at 67.42 (7) and 70.28 (8)°, respectively. The Sil and Si2 atoms 
attached to benzene ring deviate from its plane in opposite directions at 0.206 (3) and 0.258 (3) A, respectively. 

The crystal packing exhibits weak intermolecular C — HO interactions (Table 1). 
Experimental 

The title compound (I) has been prepared by zirconocene-mediated cyclization of l-phenyl-2- trimethylsilyl acetylene and 
diethyl acetylenedicarboxylate (DEAD) (see Fig. 2). To a solution of Cp2ZrCi2 (350 mg, 1.20 mmol) in 10 ml of THF was 
added «-BuLi (1.56 Mhexane solution, 1.54 ml, 2.40 mmol) at -78 °C, and the mixture was stirred for 15 min. The solution 
was warmed to -40°C for 30 min and then re-cooled to -78°C. After 15 min, l-phenyl-2-trimethylsilyl acetylene (393 juL, 2.0 
mmol) was added to the solution, and it was warmed to room temperature. After stirring for 3 h, CuCl (297 mg, 3.0 mmol) 
and diethyl acetylenedicarboxylate (DEAD) (0.477 ml, 3.0 mmol) were added to the mixture, and it was stirred for 6 h at 
room temperature. The mixture was quenched with 3 N HC1 and extracted with ethyl acetate. The combined organic phase 
was washed with water, saturated aqueous NaHC03 solution, and brine. The solution was dried over anhydrous Na2SC>4. 
The solvent was evaporated, and the resulting solid was purified by a flash chromatography (silica gel, hexane: ethyl acetate 
=5:1 as eluent) to afford mixture of the title compound I and II. When mixture was heated in toluene at 100 °C for 3 h, 

benzene I (424 mg) was obtained in 82% yield as pale yellow solid, NMR (CDC13, Me4Si): -0.14 (s, 18 H), 1.41 (t, J = 

6.9 Hz, 6 H), 4.29^1.36 (q, J = 7.2 Hz, 4 H), 6.78-6.81 (m, 4 H), 7.00-7.08 (m, 6 H); 13 C NMR (CDC13, Me4Si): 1.7, 13.8, 
61.8, 126.7, 126.9, 131.3, 137.9, 138.0, 142.0, 149.6, 170.5. HRMS (EI) calc. for C 3 oH 38 04Si 2 : 518.2309. Found: 518.2314. 
The solid of compound (I) was re-crystallized by ethanol to give colorless single crystals of (I), suitable for X-ray analysis. 
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Refinement 

The H atoms were placed in calculated positions (C — H = 0.95-0.99 A) and constrained to ride on their parent atoms, with 
C — H = 0.95, 0.99 and 0.98 A for aromatic, methylene and methyl H atoms, respectively. All H atoms were refined as riding 
with £/j S0 (H) = xC/ e q(C), where x= 1.5 for methyl H, and x= 1.2 for the other H atoms. The ethyl chain C8 — C9 has been 
treated as disordered over two conformations with the occupancies refined to 0.568 (5) and 0.432 (5), respectively. 



Figures 




Fig. 1. View of the molecular structure of (I). Displacement ellipsoids are drawn at the 30% 
probability level. Only major part of the disordered ethyl fragment is shown. 
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Fig. 2. The preparation of the title compound. 



Diethyl 4,5-diphenyl-3,6-bis(trimethylsilyl)benzene-1,2-dicarboxylate 



Crystal data 

C 3 oH380 4 Si 2 
M,-= 518.78 
Triclinic, PI 
Hall symbol: -P 1 
a = 11.534 (2) A 
6 = 12.389 (3) A 
c= 12.853 (3) A 
a = 63.40 (3)° 
(3 = 67.63 (3)° 
y= 65.99 (3)° 
V= 1455.1 (5) A 3 



Z=2 

F(000) = 556 

D x = 1.184 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 4247 reflections 

6= 1.9-27.9° 

H = 0.15 mm 1 
T= 113 K 
Block, colourless 
0.20x0.18x0.12 mm 



Data collection 

Rigaku Saturn CCD area-detector 
diffractometer 

Radiation source: rotating anode 
multilayer 

Detector resolution: 7.31 pixels mm" 



6772 independent reflections 

3380 reflections with / > 2a(I) 
R int = 0.047 

6 m ax = 27.9°, e min =i.9° 
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co and <p scans A = — 15— »12 

Absorption correction: multi-scan z--_i* 
(CrystalClear; Rigaku/MSC, 2005) 

r min = 0.970, T max = 0.982 / = -16-»13 
12066 measured reflections 



Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 20(^)1 = 0.046 
wR(F 2 ) = 0.127 
5 = 0.95 

6772 reflections 
338 parameters 
4 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 
w= l/[o 2 (Fo 2 ) + (0.0512 J P) 2 ] 
where P = (F D 2 + 2F 2 )/3 
(A/o) max = 0.001 
Ap m ax = 0.31 eA~ 3 
Ap mi „ = -0.38eA" 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

2 2 
Refinement. Refinement of F against ALL reflections. The weighted ic-factor wR and goodness of fit S are based on F , convention- 
al ic-factors R are based on F, with F set to zero for negative F . The threshold expression of F > o(F ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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^iso*/^eq 


Sil 


0.73346 (5) 


0.73464 (5) 


1.08693 (5) 


0.02948 (16) 


Si2 


0.27477 (5) 


0.80890 (5) 


0.83890 (5) 


0.02739 (15) 


Ol 


0.77590 (13) 


0.91083 (15) 


0.81335 (14) 


0.0447 (4) 


02 
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0.76114(14) 


0.74003 (13) 
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03 
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0.63566 (13) 


0.0451 (4) 


04 
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CI 
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0.76175 (17) 
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0.38661 (16) 
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0.77728 (17) 
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C6 
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0.89246 (17) 


0.0252 (4) 


C7 


0.74488 (18) 


0.8302 (2) 


0.81181 (18) 


0.0312(5) 
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A A£C* 




Hz /is 


U.3063 


A A 1 A/1 

u.y iy4 


0.6365 




A A£C* 




ri2 /C 


A 777^ 


1 A 1 7Q 

i.ui /y 


0.7032 




A A^C* 




r^7 o 
C26 


A C££TO /1 7\ 
U.566 16 (I /) 


A Ol 1 A /7\ 

U.siiy (2) 


0.70744 


(18) 


A A1AO ( Q\ 

U.UiUo {D) 




C29 


A COQ7 /7\ 

U.5652 (2) 


A 7/;/1A /7\ 

U. /64y (2) 


0.55243 


(18) 


A A/1 C C 

U.U4jj (o) 




H29A 


0.5612 


0.8563 


0.5071 




0.055* 




H29B 


0.5362 


0.7248 


0.5424 




0.055* 




C30 


0.7289 (2) 


0.7116(2) 


0.5031 (2) 


0.0568 (7) 




H30A 


0.7442 


0.7265 


0.4180 




0.085* 




H30B 


0.7554 


0.6207 


0.5469 




0.085* 




H30C 


0.7804 


0.7521 


0.5118 




0.085* 




Atomic displacement parameters 


(A 2 ) 












U n 


J J 12 
U 


t/ 33 


U 12 


u 


rr 23 
u 


Sil 


0.0278 (3) 


U.UZ4o {5 ) 


0 0402 (V\ 


-0.0068 (2) 


a a 1 n /">\ 
— U.U13Z \1) 


— U.U1 1Z \D ) 


Si2 


0.0273 (3) 


a mm fA\ 
v.yjZyj (4 ) 


0 0268 ni 


-0.0070 (2) 


A AA7C f)\ 

— U.UU ID (1) 


A A 1 AA f~>\ 

— u.uiuy (Z) 


Ol 


0.0424 (8) 


a ni 7A (\ (\\ 
U.UJ /U (1U) 


0 0554 HO*) 


-0.0222 (7) 


— U.UUoo ( /) 


A A1 1 A fQ\ 
— U.U1 14 {($ ) 


02 


0.0315 (8) 


U.U4oy (,1 1 J 


0 0470 fen 


-0.0185 (7) 


A AA OA (1\ 


A A1 O/C 
U.UlOD {€>) 


03 


0.0552 (9) 


A A/1 7/1 (\ C\\ 

U.U4Z4 (1U) 


0.0303 (8) 


-0.0258 (8) 


A AA77 fH\ 

—u.uu //(,/) 


A AA 1 A f~l\ 

u.uuiy {/ ) 


04 


0.0415 (8) 


A A1 ^fl 

U.UJjU (V J 


0.0242 (7) 


-0.0102 (7) 


— U.UUZo (0) 


A A 1 1 A 

— U.U1 ly yl) 


CI 


0.0256 (10) 


U.U1 jV (1U) 


0.0307 (11) 


-0.0042 (8) 


A AA-7C (Q\ 

—U.UU / j [6 ) 


A AAOA fQ\ 

— U.UUoU [o) 


C2 


0.0259 (10) 


U.U1 / / (1U) 


0.0243 (10) 


-0.0036 (8) 


A AA71 fQ\ 
U.UU / 1 [O) 


A AA71 fQ\ 
U.UU 15 {€>) 


C3 


0.0211 (9) 


U.U1 /3 (1 1 ) 


0.0250 (10) 


-0.0045 (8) 


U.UU4J (o ) 


A AA O A fQ\ 

U.UUoU (o) 


C4 


0.0229 (9) 


A AI OQ (\ 1 \ 

U.Uloy (11 ) 


0.0252 (10) 


-0.0044 (8) 


U.UU4/ [o) 


A AA O 7 / 0\ 

U.UUoZ (o) 


C5 


0.0270 (10) 


U.U1V4 (1 1 J 


0.0232 (10) 


-0.0051 (8) 


A AA/1 1 

U.UU43 ) 


U.UUdj yo) 


C6 


0.0231 (10) 


U.Uloy (1 1 ) 


0.0291 (11) 


-0.0058 (8) 


U.UU4V [o ) 


A AA C A fQ\ 

u.uujy (o) 


C7 


0.0288 (11) 


U.UZOO (1 3) 


0.0319(12) 


-0.0082 (9) 


-0.0069 (9) 


A AA C A (\ f\\ 

U.UU DU ( 1U) 


C8 


0.036 (3) 


U.UM (j) 


0.051 (4) 


-0.022 (3) 


0.015 (3) 


A AAA (A\ 

u.uuy (4 ) 


C9 


0.042 (3) 


a na7 
u.uyz (j ) 


0.062 (3) 


-0.024 (3) 


0.011 (2) 


A A77 
U.UZ / y5) 


C8' 


0.036 (3) 


A AC 1 /'CX 

U.UM yD) 


0.051 (4) 


-0.022 (3) 


0.015 (3) 


A AAA f A\ 

—u.uuy (4 ) 


C9' 


0.061 (4) 


U. IZo (0) 


0.049 (4) 


-0.049 (5) 


0.008 (4) 


A AA7 (C\ 

U.UUZ yD ) 


CIO 


0.0333 (12) 


a A/i n n c\ 
U.U41Z (1 D) 


0.0637 (16) 


-0.0005 (10) -0.0194 (11) 


A A71 7 (\ Q\ 

U.UZ3Z (13) 


Cll 


0.0426 (13) 


U.U304 (14) 


0.0635 (16) 


-0.0133 (11) -0.0155 (11) 


A A77 1 (\ 7\ 
U.UZZ1 (1ZJ 


C12 


0.0398 (12) 


A AT *7 C / 1 /I \ 

U.U3 ID (14) 


0.0481 (14) 


-0.0075 (10) -0.0256 (10) 


A AA OA /1 1 \ 

-u.uuoy (ii) 


C13 


0.0217(10) 


0.0253 (12) 


0.0266 (10) 


-0.0042 (8) 


-0.0082 (8) 


-0.0087 (9) 


C14 


0.0323 (11) 


0.0293 (13) 


0.0334 (12) 


-0.0057 (9) 


-0.0107 (9) 


-0.0111 (10) 


C15 


0.0460 (13) 


0.0479(16) 


0.0445 (14) 


-0.0051 (11) -0.0153 (11) 


-0.0259 (12) 


C16 


0.0520 (14) 


0.0612(19) 


0.0263 (12) 


-0.0136 (13) -0.0138 (10) 


-0.0144(12) 


C17 


0.0440 (13) 


0.0455 (16) 


0.0294 (12) 


-0.0165 (11) -0.0144(10) 


-0.0007 (11) 
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CIS 


U.U.3ZV ( 1 1 ) 


U.UZoV (1Z) 


A A7Q1 / 1 1 \ 

U.UZV1 (11) 


A AAQ1 /Q\ 

u.uuyj (y) 


A A 1 7/C (C\\ 

U.U 1ZO [y ) 


U.UUjO \y) 


1 Q 

ciy 


a A7 1 fi (Ci\ 
U.UZlo (y ) 


A AOOO /I 7\ 

U.UZoZ (1Z) 


A AT 11 ( 1 C\\ 

U.UZ1 1 (1U) 


A AA7 1 fQ\ 

— U.UU / 1 (o) 


—U.UU j / (o) 


A rtCtfi.fi. SQ\ 

— U.UUoo (o) 


czu 


U.UZoi (1 1 ) 


A A77C /'I /1\ 

U.U3 /o (14) 


A A70/1 ( 1 1 \ 

U.UZV4 (11) 


a aaaa fa\ 

— u.uuyu (y) 


A A ACQ /Q\ 

— u.uuj3 (y) 


A A 1 7 C ^1 A\ 

— U.UIZj (1U) 


/ '7 1 

CZ 1 


C\ A7C 1 /1 7"\ 

U.UZol (1Z) 


U.U034 (iy) 


A AT 17 /1 7\ 

U.U3 1 / (1Z) 


A AA Q fi. (\ 1 \ 

U.UUoo (11) 


A AAAQ /Q\ 

u.uuuj (y ) 


A A7A7 /1 7\ 
U.UZUZ ( 1Z) 




U.U343 (13) 


A Cifififi. ( 1 Q\ 


U.UJoV (14) 


A A777 (\ 7\ 
U.UZ / / (1 J) 


A AAAC (\ A\ 

U.UUUj (1U) 


A AAA 1 (\ 7\ 

u.uuy 1(13) 


CZo 


a r\/\ cfi /i o\ 
U.U4D0 (13) 


A A/1 CA /I fi\ 

U.U4jU (Id) 


A A/1 17 /1 ^\ 

U.U43Z (14) 


A A7£Q (\ 7\ 

U.UZoo (1Z) 


A A1 1 fi. C\ 1 \ 

U.U1 10 (11) 


A AACQ (~\ 7\ 

U.UUD3 (1^-) 




U.U33U (1 1 ) 


U.U33 / (13) 


A A7Q7 /I 1 \ 

u.uzy /(ii) 


A A1 77 (C\\ 

u.uiz / (y) 


u.uu /o (y) 


A AA7£ (\ A\ 

U.UU /O (1U) 


C25 


0.0295 (11) 


A AT /C*7 /1 /I \ 

0.0367 (14) 


A A A AA / 1 ^ 

0.0400 (12) 


A AA A A (C\\ 

-0.0044 (9) 


-0.0123 (9) 


A A 1 /I A { 1 n\ 

-0.0144 (10) 


C26 


0.0477 (13) 


0.0431 (15) 


0.0496 (14) 


-0.0125(11) 


-0.0132 (11) 


-0.0252 (12) 


C27 


0.0389 (12) 


0.0437 (15) 


0.0352 (12) 


-0.0032(10) 


-0.0155 (10) 


-0.0059 (11) 


C28 


0.0236 (10) 


0.0311 (13) 


0.0291 (11) 


-0.0073 (9) 


-0.0053 (8) 


-0.0048(10) 


C29 


0.0528 (14) 


0.0563 (17) 


0.0248(11) 


-0.0159(12) 


-0.0067 (10) 


-0.0138(11) 


C30 


0.0553 (15) 


0.070 (2) 


0.0390 (14) 


-0.0144(13) 


0.0011 (12) 


-0.0271 (14) 



Geometric parameters (A, °) 



Sii — cil 


1.858 (2) 


CH — H11C 


0.9800 


Sil — C12 


1.868 (2) 


C12 — H12A 


0.9800 


Sil — C10 


1.872 (2) 


C12 — H12B 


0.9800 


Sil — CI 


1.9214 (19) 


C12 — H12C 


0.9800 


Si2 — C26 


1.859 (2) 


C13 — C14 


1.379 (3) 


Si2 — C25 


1.869 (2) 


C13 — C18 


1 394 (3) 


Si2 — C27 


1.871 (2) 


C14 — C15 


1.387 (3) 


Si2 — C4 


1.9233 (19) 


C14 — H14A 


0.9500 


Ol — C7 


1.200 (2) 


C15 — C16 


1.380 (3) 


02 — C7 


1.348 (2) 


C15 — H15A 


0.9500 


02 — C8' 


1.475 (8) 


C16 — C17 


1.376 (3) 


\JL V^o 




pit TT1 f. A 


u.y juu 


03— C28 


1.202 (2) 


C17— C18 


1.387 (3) 


04— C28 


1.338 (2) 


C17— H17A 


0.9500 


04— C29 


1.459 (2) 


CI 8— H18A 


0.9500 


CI— C2 


1.406 (2) 


CI 9— C24 


1.374 (3) 


CI— C6 


1.409 (3) 


C19— C20 


1.397 (3) 


C2— C3 


1.416 (2) 


C20— C21 


1.390(3) 


C2— C13 


1.498 (2) 


C20— H20A 


0.9500 


C3— C4 


1.404 (2) 


C21— C22 


1.372 (3) 


C3— C19 


1.496 (2) 


C21— H21A 


0.9500 


C4— C5 


1.409 (2) 


C22— C23 


1.377 (3) 


C5— C6 


1.404 (3) 


C22— H22A 


0.9500 


C5— C28 


1.493 (3) 


C23— C24 


1.389 (3) 


C6— C7 


1.505 (3) 


C23— H23A 


0.9500 


C8— C9 


1.506 (8) 


C24— H24A 


0.9500 


C8— H8A 


0.9900 


C25— H25A 


0.9800 


C8— H8B 


0.9900 


C25— H25B 


0.9800 


C9— H9A 


0.9800 


C25— H25C 


0.9800 


C9— H9B 


0.9800 


C26— H26A 


0.9800 


C9— H9C 


0.9800 


C26— H26B 


0.9800 


C8'— C9' 


1.504 (8) 


C26— H26C 


0.9800 


C8'— H8'A 


0.9900 


C27— H27A 


0.9800 
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p o i TTom 

C8 — Ho 13 


A AAAA 

o.yyoo 


C9 — H9 A 


a a oA/i 

0.9800 


pai TinfD 


0.9800 


i^y — riy 


U.V6UU 


CIO H10A 


0.9800 


CIO — H10B 


0.9800 


CIO H10C 

v_ i yj ± ± ± \j v 


0.9800 


CH — H11A 


0.9800 


Cll HUB 


0.9800 


CI 1 blL C12 


irio *7C pi 1 \ 

108.75 (11) 


p i i c;i p 1 n 

CI 1 — Ml — CIO 


iii cn ci ai 
111.67 (10) 


nn c;i pin 
ClZ — Sll — CIO 


1 AO A A 1 1 1 \ 

lui.yy (ii) 


pi 1 c ; 1 p 1 
Cll — bil — CI 


111.51 (9) 


pn c ; 1 p 1 
ClZ — bll — CI 


1 1 1 A H /A\ 
112.4/ (V) 


pi a c ; 1 p 1 
CIO — Si 1 — CI 


1 A A 1 O /A\ 

109.18 (9) 


pi z c;i ptc 
CZ 0 — b l Z — CZ j 


1 AO -70 i 1 A\ 

1U6. /6 (1U) 


/-'->/- c;i pn 
CZo — biz — CZ / 


11(1 U 

HU.lO (11) 


PTf c ; 1 PT7 

C25 — Si2 — C27 


ijn i c / 1 Al 

102.15 (10) 


p->/; c ; -i p /i 

C26 — Si2 — C4 


111 11 /A\ 

111.22 (y) 


p~) r ci ; 1 P /I 

C25 — b l Z — C4 


1 1 i aa /o\ 

113.09 (8) 


PT7 C ; 1 p /I 

CZ / — biz — C4 


111 a*7 / 1 

111.07 (10) 


p-7 PI POI 

C7 — 02 — C8 


1 1 n *7 ci\ 

119.7 (7) 


p-7 P.1 po 

C / — U2 — CS 


111 Z 1 A\ 

111.5 (4) 


poi m po 

Co — 02 — C8 


21.5 (4) 


/ito P./1 p->a 

C28 — C>4 — C29 


1 1 *7 OA / 1 '7^ 

117.80 (17) 


P-> pi p/; 

C2 — CI — Co 


116.18 (16) 


p-> p 1 c ; 1 
C2 — CI — ail 


111 /If C\ A\ 

LZIAj (14) 


p/c p 1 c ; 1 

Co — CI — Ml 


111 az: / 1 1 \ 
1Z1.06 (13) 


pi p-> pi 
CI — C2 — C3 


111 C 1 { 1 c\ 

IZl.oi (lo) 


p 1 pi n i 
CI — Cz — CI J 


1 1A A 1 /K\ 

1Z0.41 (15) 


pi p-> n i 
C3 — Cz — C 1 5 


I 1 *7 Q£ /1 C\ 

II /.8o (15) 


r^A r^"i p-> 

C4 — C3 — C2 


111 TC / 1 

121.75 (16) 


p A PI p i r\ 

C4 — C3 — C19 


1 1 A *7A / I C\ 

120.70 (15) 


p-> pi pin 

C2 — C3 — C19 


11-7 cn /1 c\ 

117.50 (15) 


C3 — C4 — C5 


11/C C*7 Pi ^ 

116.5 / (15) 


p^ r~* a c ; -> 

C3 — C4 — biz 


111 i /: /n\ 
1Z1.16 (13) 


pc p A c ^ 

C5 — C4 — Si2 


111 AA PI 1\ 

121.90 (13) 


p/c pc p /i 

Co — C5 — C4 


1->1 CA/1/C1 

121.50 (16) 


p/c pc no 
Co — C5 — Cza 


111 /IC ( ~\ £\ 

117.65 (16) 


p/i pc mo 

C4 — C5 — C28 


11A OA { ~\ /C^ 

120.84 (16) 


pc p/: p 1 

C5 — Co — CI 


122.30 (16) 


pc p/: p-7 
CD — Co — C / 


1 1 o oa /i /;\ 
116.6V (16) 


pi P/: p-7 

CI — Co — C7 


110 i \ /L\ 

116.6/ (16) 


Ol— C7— 02 


123.88 (18) 


Ol— C7— C6 


123.30 (19) 


02— C7— C6 


112.80(18) 


02— C8— C9 


105.0 (5) 


02— C8— H8A 


110.8 


C9 — C8 — H8A 


110.8 



C2 / — HZ lis 


A AOAA 


p->-7 imp 
C2 / — HZ /C 


A AOAA 


C29— C30 


1.481 (3) 


C29— H29A 


0.9900 


C29 — H29B 


0.9900 


C30 — H30A 


0.9800 


C30 — H30B 


0.9800 


C30 — H30C 


0.9800 


C;i p 1 1 TJ11T5 

oil — ClZ — hllZB 


1 AA £ 

iuy.5 


TT 1 1 A p 1 1 I I 1 -V T") 

hi 1 ZA — C 1 Z — hi 1 Zr> 


1 AA £ 

iuy.5 


c; i p i i tt i IP 

bll — ClZ — rllZC 


1 AO ^ 

iuy.5 


T_T11A p 1 1 TJ11P 

hi 1 ZA — C 1 Z — hi 1 ZC 


1 AA £ 

iuy.5 


III ID p 1 1 TJ11P 

hi 1 Zr> — C 1 Z — hi 1 ZC 


1 AA £ 

iuy.5 


pi/i pn pio 
C 1 4 — C 1 3 — C 1 8 


1 1 O -7C /1 A\ 

lis. /5 (iy) 


p i /i p 1 1 pi 
C14 — C13 — CZ 


1 1 Q QQ ( 1 Q\ 
116.66 (16) 


P 1 O P 1 1 PI 

C 1 8 — C 1 3 — CZ 


1 T1 1 A i 1 A\ 

122. i{) (iy) 


pi i pi /i pi r 
C13 — C14 — C15 


121 .2 (2) 


pn pi/i TJ1 /l A 

C13 — C14 — hl!4A 


1 1 A A 

ny.4 


pi f pi /| T_T 1 /I A 

C 1 5 — C 1 4 — hi 1 4 A 


1 1 A A 

ny.4 


pi/: pi r pi /| 

C 1 0 — C 1 5 — C 1 4 


i in ^ /->\ 
i iy.6 (2) 


pi/: pi r TJ1CA 

C 1 o — C 1 5 — hi 1 5 A 


1 ->A 1 

12U.2 


pi 1 A pif TJK A 

C 1 4 — C 1 5 — hi 1 5 A 


1 TA 1 

12U.2 


pn pu pi r 
C 1 / — C 1 o — C 1 5 


1 1 A A (->\ 

ny.y (2) 


P11 PU T_T1£A 

C 1 / — C 1 o — hi 1 oA 


1 1A 1 

12U.1 


pic pu TJUA 

C 1 5 — C 1 o — hi 1 oA 


1 TA 1 

12U.1 


p 1 r pn pio 
ClD — CI / — C18 


1 TA C (->\ 

12U.5 (2) 


p i /r pn TJIIA 

Clo — CI / — rll /A 


1 1 A O 

iiy.6 


pio pit un A 
C18 — CI / — rll / A 


1 1 A 0 

i iy.6 


pn pio p 1 1 
C 1 / — C 1 8 — C 1 3 


1 ->A 1 (->\ 

12U.1 (2) 


P 1 n PIO TT 1 O A 

C 1 / — C 1 o — rl 1 8 A 


1 OA A 

12U.U 


PI Q PIO T_T10A 

C 1 3 — C 1 8 — hi 1 8A 


1 ->A A 

12U.U 


PI/1 pin P1A 

CZ4 — C 1 y — CZO 


110 O A (1 Ol 

116.64 (16) 


pi a pin pi 
CZ4 — C 1 y — C3 


1 1 A TA (1 -7\ 

ny.2u (i /) 


Pin pia pi 

CZO — C 1 y — C3 


1->1 (1A (1 Ol 

i2i.yu (is) 


pii pia Pin 
CZ 1 — CZO — C 1 y 


1 1 A A { "t\ 

ny.y (2) 


pn pin Tjin a 
CZ 1 — CZO — rlZO A 


1 ->A A 

12U.U 


Pin pin urn a 
C 1 y — CZO — rlZO A 


1 TA A 

12U.U 


pii pu pin 
CZZ — CZ 1 — CZO 


1 TA 1 (1\ 

12U.3 (2) 


pii pu T_ri 1 a 
CZZ — CZ 1 — hlZ 1 A 


1 1 A A 

ny.y 


pin pu t_ti 1 a 
CZO — CZ 1 — hlZ 1 A 


1 1 A A 

ny.y 


pn pii pn 
CZ 1 — CZZ — CZ3 


1 TA 1 /"1\ 

12U.3 (2) 


pii pii t_tii a 
CZ 1 — CZZ — hlZZ A 


1 1 A A 

ny.y 


C23— C22— H22A 


119.9 


C22— C23— C24 


119.5 (2) 


C22— C23— H23A 


120.3 


C24— C23— H23A 


120.3 


CI 9— C24— C23 


121.2 (2) 


C19— C24— H24A 


119.4 
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P*l PQ i ion 

UZ — to — Hor> 


1 1 A O 

1 lU.o 


pn p o iion 
CV — C o — hi o B 


1 1 n o 
11U.O 


lit) * no TJOD 

hi oA — C o — hi o r> 


1 no o 
lUo.O 


po pn \ m a 

Co — Cy — hlvA 


1 nn c 

iuy.j 


po pn 1 mo 
Co — Cv — hlvB 


1 nn c 


hlyA — cy — Hyt> 


1 nn ^ 

iuy.j 


po pn 1 rn p 

Co — cy — hiyc 


1 nn ^ 

iuy.j 


i m * pn 1 rn p 

hiyA — cy — hiyc 


1 nn c 


i in i!) pn 1 m p 

hiyB — cy — riyc 


1 nn c 


p. 1 poi Pn> 

uz — Co — cy 


1 n/; c 
lUo.J (o) 


UZ — Co — Ho A 


1 1 n a 
1 1U.4 


PfM PO' I I 0) 1 A 

Cy — Co — hlo A 


1 1 n a 
1 1U.4 


UZ — Co — hlo r> 


1 1 n a 
1 1U.4 


pn' roi TjOiD 

Cy — Co — hlo B 


1 1 n a 
1 1U.4 


I I t)l A pQI I IlllI) 

hlo A — Co — hlo r> 


1 AO / 

lUo.o 


po • pn' i iiv a 

Co — cy — hiy a 


1 nn ^ 

iuy.j 


Co — cy — hiy b 


1 nn c 

iuy.j 


uni a pn' i iiyi) 

hiy a — cy — riy t> 


1 nn c 

iuy.j 


pqi umr 

Co — cy — hiy c 


1 nn ^ 

iuy.j 


i in 1 a pn' 1 1 1 v / ■ 

hiy a — cy — hiy c 


1 nn ^ 

iuy.j 


1 1 (v i!) pn' 1 1 n 1 / ■ 

hiy B — cy — hiy c 


1 nn ^ 

iuy.j 


bl 1 — C 1 U — H 1 U A 


1 nn ^ 

iuy.j 


bl 1 — C 1 U — rl 1 Ur> 


1 nn c 

iuy.j 


it i n a nn tt 1 no 
hllUA — C1U — H1UB 


1 nn ^ 

iuy.j 


c; 1 nn uinr 
bl 1 — C 1 U — hi 1 UC 


1 nn ^ 

iuy.j 


t t 1 n a nn Tun/" 1 
H1UA — C1U — H1UC 


1 nn c 

iuy.5 


TjinD nn tti nr 1 
hi 1 Ur> — C 1 U — rl 1 UC 


1 nn ^ 

iuy.j 


c; 1 pi 1 uii a 
bll — Cll — Hll A 


1 nn c 

iuy.j 


Cj 1 pi 1 H1 1 R 

Ol 1 V 1 1 1 1 1 ID 


1U7.J 


HUA — Cll — HUB 


109.5 


Sil — Cll — HllC 


109.5 


HUA — Cll — HllC 


109.5 


HUB — Cll — HllC 


109.5 


Sil — C12 — H12A 


109.5 


pi i c;i n pi 
CI 1 — oil — CI — C2 


c\& n*7 ( 1 o\ 

— yo.y/ (io) 


c;i n p"> 
CI 2 — oil — CI — C2 


tc cn / 1 n\ 

zj.ju (iyj 


C1U — oil — CI — C2 


liy.lo (lo) 


CI 1 — oil — CI — Co 


on c*7 / 1 o\ 
oy.D / (lo) 


CI 2 — oil — CI — Co 


1 A *7 n^ / 1 £.\ 

— 14/. yo (lo) 


pin c;i n p/: 
C1U — oil — CI — Co 


i a m ( 1 n\ 
-34. 3U (iy) 


Co — C 1 — C2 — C 5 


2.0 (3) 


c;i n n ri 
oil — CI — tz — Cj 


LI l./Z (14j 


Co — CI — C2 — C 1 i 


1 "7/1 ^1/1 / 1 "7\ 

— 1 /4.44 (LI) 


c; 1 pi /~"> /in 

Sil — CI — C2 — C13 


11.8 (2) 


CI— C2— C3— C4 


-3.1 (3) 


CI 3— C2— C3— C4 


173.50 (17) 


CI— C2— C3— C19 


174.46 (17) 


CI 3— C2— C3— C19 


-9.0 (2) 


C2— C3— C4— C5 


3.0 (3) 



CZ3 — CZ4 — HZ4A 


1 1 n a 

i iy.4 


blZ — CZj — HZ J A 


1 nn ^ 

iuy.j 


blZ — CZj — HZ3r> 


1 nn ^ 

iuy.j 


utc a nc i ncn 
HZ j A — CZj — HZjB 


1 nn ^ 

iuy.j 


blZ — CZj — HZjC 


1 nn ^ 

iuy.j 


TTTC A PTC TJTCr 1 

HZ j A — CZj — HZjC 


1 nn ^ 

iuy.j 


HZjB — CZj — HZjC 


1 nn ^ 

iuy.j 


c;o / • T /: in/; a 

b lZ — CZ 0 — HZ o A 


1 nn ^ 

iuy.j 


blZ — CZo — HZoB 


1 nn ^ 

iuy.j 


in/: a / • ■> / i n / 1) 
HZ o A — CZ o — HZ or> 


1 nn ^ 

iuy.j 


c;t / / i n / / • 
blZ — CZo — HZoC 


1 nn ^ 

iuy.j 


in/ a / • ■> / i n//' 
HZoA — CZo — HZoC 


1 nn ^ 

iuy.j 


i n / 13 / ' "> / i n / / ' 
HZoB — CZo — HZoC 


1 nn ^ 

iuy.j 


PT7 A 

blZ — CZ / — HZ /A 


1 nn ^ 

iuy.j 


PT7 I I ~> "7 o 

blZ — CZ / — HZ Id 


1 nn ^ 

iuy.j 


I n -7 a PT7 I I "> "71) 

HZ / A — CZ / — HZ id 


1 nn ^ 

iuy.j 


PT7 I I "> "7 / " 

blZ — CZ / — HZ /C 


1 nn ^ 

iuy.j 


I n -7 a PT7 TJT7r 

HZ / A — CZ / — HZ /C 


1 nn ^ 

iuy.j 


i mn pn rmr 1 
HZ /B — CZ / — HZ /C 


1 nn ^ 

iuy.j 


r^i pto p\ /i 
U3 — CZo — U4 


11/1 T /1\ 

1Z4. / (Z) 


/ ~1 "J pto / "< c 

U3 — CZo — Cj 


1 ic n /i\ 
1ZJ.U (Z) 


p\/i pto pr 

U4 — CZo — Cj 


1 1 n i /i / 1 1\ 
11U.34 (1 /) 


r\A pin nn 
U4 — CZy — C3U 


111 1C ( 1 1\ 

11 I.Zj (1 /) 


r\A pin i nn a 

<J4 — czy — HzyA 


1 nn /i 

iuy.4 


pon pin inn a 

C3U — czy — HzyA 


1 nn /i 

iuy.4 


r\A pin TTinn 

U4 — czy — HzyB 


1 nn /i 

iuy.4 


Pin Pin i nn i) 

C3U — czy — HzyB 


1 nn a 

iuy.4 


inn a pin mno 

HzyA — czy — HzyB 


1 no n 
lUo.U 




1 HQ S 

1 U7.J 


C29 — C30 — H30B 


109.5 


H30A — C30 — H30B 


109.5 


C29 — C30 — H30C 


109.5 


H30A — C30 — H30C 


109.5 


H30B — C30 — H30C 


109.5 


pr / • / P"7 P.1 

C j — Co — C / — U 1 


1 n 1 /1\ 
1Z3.1 {I) 


pi / • / pi / \ i 
C 1 — Co — C / — V 1 


CI *7 /QA 

-52.7 (3) 


pr / • / P"7 P.1 

C j — Co — C / — UZ 


CO 1 /1\ 

jo. 3 {1) 


pi / • / PI p.1 

C 1 — Co — C / — UZ 


lie n*7 /■ 1 n\ 

izj.y / (iyj 


p*7 p*i po pn 

c / — uz — Co — cy 


lo3.3 (4) 


po' p*i po pn 

Co — uz — Co — cy 


/i £ /i\ 
46 (2) 


p*7 p*i po' pn' 

c / — uz — Co — cy 


O 1 A /1 1 \ 

— 51. U (11) 


PO p-l pOI PQI 

Co — uz — Co — cy 


-8(2) 


pi pi pn p i a 

CI — CZ — C 1 3 — C 1 4 


00.0 (Z) 


PT PI P11 P1/I 

C3 — C2 — C 1 3 — C 1 4 


1 1 n n pi\ 

-110.0 (2) 


CI— C2— CI 3— C18 


-116.6 (2) 


C3— C2— CI 3— CI 8 


66.8 (2) 


C18— C13— C14— C15 


0.9 (3) 


C2— CI 3— CI 4— CI 5 


177.77 (16) 


C13— C14— C15— C16 


-0.4 (3) 
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fin fi pyi pr 

C 1 9 — Cj — C4 CD 


1 HA AH /1 £.\ 

— 1 /4.4 / (lo) 


PH pir pi<r pn 

C 14 — C 1 D — C 1 0 — C 1 / 




-0.1 (3) 


pt n p/i e;i 
C2 — Cj — C4 — 312 


1 *7A in / 1 /i \ 
— 1 /U.ZU (14) 


pir pi<: PIT P1Q 

C 1 D — C 1 0 — C 1 / — C 1 5 




0.1 (3) 


fin n p yi c;t 
C 1 V — CJ — C4 bl2 


12.4 (Z) 


pi£ pn pin P11 

Clo — CI / — Cla — CI J 




0.4 (3) 


C2o — 512 — C4 — C.3 


— y4.3o (1 /) 


C 14 — C 1 J — C 1 5 — C 1 / 




-0.8 (3) 


nc c;t p/i n 
C2D — 512 — C4 — Cj 


iq i £ / 1 n\ 
Zo.3o (ly) 


PI P 1 1 PI O P 1 "7 

C2 — C 1 i — C 1 5 — C 1 / 




i nn /1 c\ 
—1 / /.OZ (ID) 


C2 / — 512 — C4 — C i 


14Z.D4 (lo) 


P/l PI P1fl P"M 

C4 C i — C 1 9 — C24 




oy.y (Z ) 


C2o — ai2 — C4 — Lj 


VZ.ol (lo) 


pt pi pin p">/i 
C2 — C J — C 1 9 — C24 




— 10/. / (Z) 


f>c C^T p/1 pr 

C2D — 512 — C4 — CD 


\AA A ^ /1 £\ 

— 144. 4j (lo) 


c^a r^i no r*~t(\ 
C<H C 5 — C 1 9 — C2U 




— 1 IZ.o (Z ) 


C2 / — 312 — C4 — CD 


-3U.Z/ (lo) 


pt pi pin pin 
C2 — C 5 — C 1 9 — C2U 




OV. / (Z) 


n p/i P£ 
Cj — C4 — CD — Co 


-2.1 (3) 


po/i pin nn p">i 
C24 — C 1 9 — C2U — C2 1 




0.1 (3) 


c;t p a rc p/: 
312 — C4 CD — Co 


1-7 1 nn / 1 /i \ 
1 /l.UU (14) 


PI pin pin pti 

C J — C 1 9 — C2U — C2 1 




— L 1 1 ,15 (lo) 


Cj — C4 CD — C25 


1 *7A 11/1 *7\ 

i /y.i i (i /) 


pin pnn P">1 PT> 

C 1 9 — C2U — C2 1 — C22 




U.3 (3) 


C^T P/I PC POO 

512 — C4 — Cj — C25 


-7.8 (3) 


pnn pn PT> PT1 

C2U — C2 1 — C22 — C2j 




-0.7 (3) 


P/I r; p r P1 

C4 — CD — Co — C 1 


1.3 (3) 


P">1 PT> PT] pii 

C2 1 — C22 — C23 — C24 




U.o (3) 


no pr p/T pi 

C2S — CD — Co — C 1 


1 *7A Q*7 / 1 Q\ 

—1 /y.o 1 (lo) 


pnn pin P1I PT1 

C2U — C 1 9 — C24 — C2 5 




-0.3 (3) 


P/I p; p r f ~ 1 

C4 — CD — Co — C / 


1 "7/1 1 A / 1 *7\ 
— 1 /4.3U (1 /) 


PI pin pi/l PIT 

Cj — C 1 9 — C24 — C2 5 




1 "7*7 I o /i n\ 

l//.lo(l/) 


POO p; p/; n 
C2S — CD — Co — C / 


4.5 (3) 


pit pti pii pin 
C22 — C23 — C24 — C 1 9 




A 1 

-0.1 (3) 


pi pi p/r pr 

C2 — CI — Co — CD 


-1.2 (3) 


p">n f\A PTO P.1 

C29 — U4 — C26 — Vi 




n a 

-2.0 (3) 


c;i r^t* r"^ 
ail — CI — Co — CD 


1 "70 f 1 /1~\ 

1 /2.0D (14) 


C2V — U4 — C25 — CD 




1 "7"7 Ht* ^1 A\ 

1 / /. lb (14j 


C2— CI— C6— C7 


174.43 (17) 


C6— C5— C28— 03 




-56.6 (3) 


Sil— CI— C6— C7 


-11.7 (2) 


C4— C5— C28— 03 




122.3 (2) 


C8'— 02— C7— Ol 


7.8 (5) 


C6— C5— C28— 04 




123.73 (18) 


C8— 02— C7— Ol 


-14.2 (4) 


C4— C5— C28— 04 




-57.5 (2) 


C8'— 02— C7— C6 


-170.8 (4) 


C28— 04— C29— C30 




90.7 (2) 


C8— 02— C7— C6 


167.2 (4) 








Hydrogen-bond geometry (A, °) 










D—H-A 


D — H 


H-A 


D-A 


D — H 


CIO— H10B- Ol 


0.98 


2.39 


3.116(3) 


131 


C27— H27B-04 


0.98 


2.43 


3.137 (3) 


129 
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Fig. 2 
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